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Abstract 
The results of the analysis of the catastrophic failures of two high pressure turbine wheels are discussed in this study. 
Fractographic and metallographic analyses on both the wheel and a set of failed blades of both wheels were performed to 
determine the possible events that led to failure. Both wheel materials had an austenitic microstructure, while blade 
materials were different for each case. One blade material is similar to INCONEL 738 nickel-based superalloy, while the 
other study is a single-crystal with dendritic growth microstructure.  Facing two failures with apparently similar 
characteristics, once fractographic and metallographic analysis were performed, it was proved that failure modes respond 
to quite different origins in each case. This led to different corrective actions, according to each particular main 
contributing factor.  
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1. Introduction 
This work was carried out after two failures of gas-generating turbine wheels with apparently similar 
characteristics. Both turbines belong to the first stage of high pressure and are located in compressor stations 
at a natural gas transporting pipeline. Figure 1 shows the two wheels. Once faced with failures of two of its 
machines, the operator decided to carry out an investigation to define common root causes, if any, in order to 
optimize de allocation of resources to avoid (mitigate) recurrence of similar failures.  
 
 
 
 
 
 
Fig. 1: Failed wheels a) case 1, b) case 2 
 
2. Visual inspections  
While the cooling holes were uncovered, visual inspection allowed the identification, in both cases, of an 
adherent layer of compacted dust inside the air chamber, which has a thickness up to 3 mm at the periphery, 
Figure 2. Once the blades adjacent to the fractured blades of Wheel 1 were removed, close inspection revealed 
fretting signs and adhered material on the contact surfaces, both on the dovetail and on the wheel (Figure 3).  
Crack surfaces of all blades present a brittle aspect, typical of cracking due to impact overload, Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Adhered dust layer 
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Fig. 3: fretting sings in blades 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.. 4: Crack surface of blade 
 
3. Chemical analyses 
The chemical composition of materials was determined by EDS. In both cases, wheel material has a very 
similar composition to high resistant nickel-iron based alloy, A-286, Table 1. The material composition of the 
blades found in one of the studies is similar to INCONEL 738, nickel-based superalloys, while in the other 
study (single-crystal) blade composition could correlate with MAR-M200 alloy (Table 2). 
Table 1: Chemical composition of wheels 
  Ni Cr Si S Mn Fe Mo Ti 
Wheel Material case 1 23.68 14.83 0.76 0.59 1.77 46.66 .. 1.98 
Wheel Material case 2 23.71 14.03 0.76 .. .. 47.70 1.46 1.82 
A-286  26 15 .. .. .. 55.2 .. .. 
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 Table 2: Chemical composition of blades 
  Ni Cr Co Mo Al Ti Cb C B Zr W Ta Si 
Blade Material case 1 60.53 11.53 10.11 1.91 4.34 3.07 .. .. .. .. 6.42   .. 
Blade Material case 2 57.02 6.96 10.38 0.70 4.44 0.09               
Inconel 738 61 16.0 8.5 1.7 3.4 3.4 0.9 0.12 0.01 0.1 1.7 2.6 .. 
Rene 80 60 14.0 9.5 4.0 3.0 5.0 .. 0.17 0.015 0.03 40 .. 1.42 
MAR-M200 60 9.0 10.0 .. 5.0 2.0               
 
 
4. Metallographic analyses 
During laboratory investigation the metallographic characteristics of the wheels and their blade materials 
were analyzed through optical microscopy and scanning electron microscopy techniques (10 X - 10000X). In 
both cases, wheel materials have a microstructure of austenitic matrix and a grain size between 100 and 150 
microns both in the blade insertion zone and in the central cube. Both correspond to ASTM A286 
specification. 
With respect to blade materials, in case 1 the microstructure is typically dendritic, as of gas turbines blades 
with growth grains towards its interior [Sims and Hagel, 1972; Smith, 1981] (Figure 5).  In case 2, the 
microstructure is homogeneous throughout the longitudinal section, i.e. these are single-crystal blades, and 
interdendritic edges are not observed (Figure 5). A coating can be seen in the blade; its purpose is to prevent 
the degradation of the base material of the blade, acting as a thermal insulator and reducing temperatures 
reached within the piece. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Metallographic longitudinal samples of blades, polished, aqua regia a) Single-crystal (case 2), b) Dendritic (case 1) 
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  Wheel material in the dovetail area presents widespread grain edges (Figure 6) and carbides laying on 
both the grain edge and its interior. 
 
  
Fig. 6: Microstructure of wheel material.  Carbide precipitates on grain edges, also in the interior 
During the investigation in the second case, cracks in the dovetail of the wheel were found. Some of these 
cracks present a layer of grey material in the inside, which corresponds to oxidized material. Figure 7 shows 
one of the cracks where two stages of propagation are clearly distinguished: the outermost zone of the crack, 
which is older and is oxidized, and the inner zone, which presents no oxidation. Also, by EDX analysis, 
widespread grain edges are clearly appreciated; microholes have also been formed (Figure 8). The EDX 
analysis result in the material revealed intergranular precipitates of chromium and ferrous carbides [Lvov et 
al., 2004]. The EDX chemical analysis performed near one of the major cracks showed chromium oxide on 
the surfaces of the crack (Figure 9).  
 
 
Fig. 7: Crack at a joint root. Two areas of propagation are differentiated: oxidized zone to the right; tip area without oxides to the left 
(Polished) 
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Fig. 8: Microstructure of wheel material. Polished; aqua regia. Edge grain carbides and microholes can be observed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: EDX analysis on crack surfaces. 
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The morphologies and distribution of carbide phases and gamma prime along the blade were analyzed. The 
metallographic structure of the above mentioned samples were compared with those of the bottom or base, 
since it is considered that this area is the least thermally affected. The dovetail is, under normal conditions of 
operation, the least thermally affected region since it lies inside the wheel. In the first case, as it approaches 
the most exposed parts to blade temperature, the gamma prime phase becomes more globular, Figure 10. The 
variation of structure is considered normal for blades usage and does not constitute a risk factor. 
In the second case, SEM analysis allowed verifying that this is single-crystal, without grain edges and 
gamma prime is homogeneous throughout the remaining section, Figure 4. 
  
  
Fig. 10: Gamma prime distribution. Base material of the blade, case 1Discussion of Results and Conclusions 
 
5. Discussion and Conclusions 
Wheel material can be identified as A-286, thermally treated at 1800°F (982°C) which is the appropriate 
treatment for greater resistance to high temperature and Creep. This thermal solubilization treatment generates 
a coarse grained structure. On the other hand, treatment at 899 ° C produces fine grain structures, with better 
resistance to traction, but less resistance to Creep. Microstructure is the same both in the central hub area and 
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the dovetail area. For this reason it can be concluded that the material is in its original condition, since wheel 
cube area works at lower temperatures and lower mechanical loads than the periphery. 
On the other hand, blades are different for each case. In the first case, blade material corresponds to 
INCONEL 738 with a normal distribution of gamma prime. Structure variation seen between the base and the 
blade tip is considered normal for usage and is not a risk factor. In the second case, blades are single-crystal. 
Blade material presents a normal distribution of gamma prime without signs of degradation. The crack surface 
of all blades presents a fragile aspect of crack due to overload (impact), Figure 4. 
Damage mechanisms identified in the wheels are different for each case. In case 1 the failure was due to a 
mechanism of thermal overload in the short term. In case 2 the failure was due to material degradation due to 
long time at high temperature (Creep); there is carbide precipitation at grain boundaries in this case. Each of 
these analyses would lead to the evaluation of different mitigation actions. 
The most likely cause of dovetail rupture in the first case could derive from mechanical overload due to the 
shutter of the gap between the wheel and blades dovetails position, due to presence of dust, Figure 2. During 
disarmament it was difficult to remove the blades, but once they were slightly displaced from its original 
position, the gap was noticeable. The localized points of contact between the pines generated located fretting 
(Figure 3) that could have also collaborated in the occurrence of the failure. In addition, the presence of 
accumulated dust was reduced wheel cooling, increasing in-service temperature and reducing the mechanical 
resistance of the material by temperature, even without having reached such levels as to alter the material 
microstructure. Corrective actions undertaken by the operator involve the verification and conditioning of air 
filters on the turbine compressor entry; and a scheduled maintenance to verify proper fitting of blades in the 
wheel. 
In the second case, oxide was found inside some cracks (Figure 7 and 9); this oxide is not observed in the 
entire length of the cracks but in the most external area, thus proving that these cracks are prior to the 
catastrophic failure of the wheel. In addition, the presence of carbides at grain boundaries, such as those found 
in the dovetail, generates a decrease in material strength, Figure 8. Similarly, the presence of microholes and 
corrosion inside not fully propagated cracks suggests that wheel failure was generated due to material 
degradation, Figures 7 and 8. This degradation is time-temperature dependent. Same damage can be verified 
in longest service time at a given temperature or in shortest time at a higher temperature. The presence of dust 
(Figure 2), could also contribute to the failure reducing wheel cooling conditions. Non-destructive 
metallographic studies should be added to the schedule wheels visual inspection and NDT. 
Facing two apparently failures with similar characteristics, once fractographic and metallographic analysis 
was performed, it was proved that failure modes respond to quite different origins in each case. This led to 
corrective actions according to each particular main contributing factor.  
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